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ABSTRACT
The NOAA National Status and Trends (NS&T) Program has been monitoring
chemical contamination in fish livers, and surface sediments since 1984 and in
molluscan tissue and sediments since 1986.  Data from fine-grained sediment at 175
sites are used to describe the spatial distribution of contamination throughout the
coastal and estuarine United States. Highest levels are generally found in, and
considered representative of, urban areas. It should be noted, however, that these
levels are not as high as have been found near discharge pipes or in isolated
industrial areas through other monitoring efforts.  Dramatic biological responses, such
as liver tumors in fish or apparently toxic contaminant levels in sediment, are found
infrequently. Subtle biological changes, especially those that affect reproductive
ability, are being sought.  Data from three annual collections of mollusks have been
used to identify early signals of temporal trends in contamination at NS&T sites.

INRODUCTION
To assess effects of human activity on the quality of coastal and estuarine areas
throughout  the United States, the National Oceanic and Atmospheric
Administration (NOAA) created the National Status and Trends (NS&T)
Program to monitor spatial and temporal trends of chemical contamination and
biological responses to that contamination.  Beginning in 1984 and 1986,
annual chemical analyses for trace elements and organic contaminants (Table
I) were made on tissues of benthic fish and bivalve mollusks, respectively,
collected from a network of sites (Figure 1) around the United States.  On a less
frequent basis, sediments from those sites were also collected and analyzed.
Livers of fish from the annual collections undergo histologic examination  for
evidence of contaminant-induced damage and analyzed for contaminant-
induced enzymatic activity. Each year, in selected areas, more intense
monitoring is conducted to determine whether contamination has diminished
the ability of adult fishes to reproduce, or of larval fishes to survive. Through
bioassays, the presence of toxicity in sediments and water is measured. This
paper reports some results on the spatial and temporal distribution of
contamination and biological responses.
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METHODS

The samples and data are gathered through two programs. The Benthic
Surveillance Program began sampling  fish and sediments in 1984. The Mussel
Watch Program started sampling bivalve mollusks and sediments in 1986   The
laboratories performing Benthic Surveillance activities have been, or are
located at five sites:  the NOAA National Marine Fisheries laboratories  in
Woods Hole, MA, Gloucester, MA, Beaufort, NC, Charleston, SC, and Seattle,
WA.  The Mussel Watch work is being performed at:  the Battelle laboratories in
Duxbury, MA, and in Sequim, WA, the Texas A&M University Geochemical and
Environmental Research Group in College Station ,TX, and the LaJolla, CA
laboratory of Scientific Applications International Corporation. The methods by
which chlorinated compounds and polycyclic aromatic hydrocarbons have been
extracted from sediments and subsequently analyzed have been based on
those detailed in MacLeod et al. (1985) and Wade et al. (1988).  Trace metal
concentrations have been determined through atomic absorption analysis of
total digests of tissue in nitric acid or sediment in hydroflouric acid.
Intercalibration exercises continue as part of the NS&T Program.  Results of
organic chemical intercalibrations through 1987 are included in MacLeod
(1989).

Shigenaka and Lauenstein (1987) provide a detailed listing of sampling
protocols.  Mussels (Mytilus edulis ) in the size range of 5 to 8 cm have been
taken at East Coast sites north of Delaware Bay. That species and the mussel,
Mytilus californianus , have been collected on the West Coast.  Seven to 10 cm
long oysters (Crassostrea virginica ) have been collected at Gulf Coast sites
and at East Coast sites south of Delaware Bay.  The oyster (Ostrea
sandvichensis ), 2.5 to 5 cm, has been sampled at the three sites in Hawaii. At
all sites three composite samples (30 mussels or 20 oysters) have been
collected in each year.

Sediment has been collected at three stations within each site, a station being
anywhere within 500 m of a site center.  In the Mussel Watch Project, if only
sand could be found at a mollusk site, the sediment site could be as much as 2
km away.  For Benthic Surveillance sampling in the Northeast, stations were up
to about 5 km apart, so, in effect, a site could be 100 times larger than that for
other NS&T sites.   Sediment samples have obtained with specially constructed
box corers, Smith-MacIntyre bottom grabs, or Van Veen grab samplers.
Subsamples for organic analyses have been surface skims from the top 3 cm
(Benthic Surveillance) or 1 cm (Mussel Watch)  of each grab or core.
Composites have been made by mixing samples from three cores or grabs at
each station.

At all NS&T sampling sites, three separate composite samples have been collected.
For each year that a sediment, bivalve, or fish sample was collected at a site, the
NS&T data base contains three separate values for the concentration of each
contaminant. The NS&T data base now contains results of analyses of fish livers
collected in 1984,1985, and 1986,  and bivalve mollusks collected in 1986 through
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1988. Data are available from analyses of surface sediments collected in 1984 and
1985 in the Benthic Surveillance Project and in 1986 and 1987 in the Mussel Watch
Project.  These data have been summarized in a series of  reports (NOAA, 1986;
NOAA, 1987; and NOAA, 1989)

SITE SELECTION

The primary criterion for site selection is the collection of samples from places
that are representative of rather large areas and the avoidance of small-scale
patches of contamination, or "hot spots".  In particular, no sites are knowingly
near waste discharge points.  For the Mussel Watch Project a site also has to
have a sufficiently large and  robust population of mollusks to provide annual
samples for an indefinite period.  Lastly, when possible, Mussel Watch sites
were chosen to coincide with sites from a previous monitoring program that
sampled mollusks in 1976 through 1978 (Farrington et al., 1983).

Sites are not uniformly distributed.  Fully half of them are in urban areas (within 20 km
of the centers of populations in excess of 100,000 people).  This choice is based on
the assumptions that contamination is higher, more likely to be causing biological
effects, and more spatially variable in urban as opposed to rural areas.  The same
assumptions have led to sites being closer together in estuaries and embayments than
along open coasts.  Among the approximately 160 sites sampled in the Mussel Watch
Project in 1986 and 1987, the mean distance between sites in enclosed areas was 23
km while, along coastlines it was 89 km. When analyses of sediment or mollusks from
adjacent sites show very much higher concentrations at one site, a third site is
sampled the subsequent year to test whether the high values are representative of the
area.

SPATIAL DISTRIBUTION OF CONTAMINATION

Data from analyses of surface sediments have been used to define the spatial
distribution of contamination.  Contaminants are associated with particle surfaces and,
under identical conditions,  sand-sized particles have less contamination per unit
weight of sediment than silt or clay.  To account for this, the NS&T sediment data have
been adjusted in two ways.  First, no data for contaminants in sediment were used for
comparisons among sites when the sediment contained more than 80% sand
(particles with diameters >63µ). Secondly, and of less importance, contaminant levels
in sediments containing less than 80% sand have been normalized by being divided
by the fraction of sediment that is fine-grained (i.e., divided by a number between 0.20
and 1.00).  That adjustment is the equivalent of considering sand to be only a dilutant
of sediment contamination. The exclusion of very sandy sediments acknowledges that
some contamination may be associated with sand, but cannot be accounted for in this
method of comparing among sites.

The results of the comparisons of 175 NS&T sites on the basis of concentrations of
chemical  contaminants  in fine-grained sediments are presented in NOAA (1988).
Mercury data in Figure 2 to exemplifies a log-normal distribution of mean
concentrations (all contaminant concentrations are distributed in that manner).  The
mean concentrations at each site are based on all data collected (usually six samples
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minus any that were more than 80% sand) and variability has, therefore, been
calculated.  Generally, sites with similar concentrations have to be considered
statistically equivalent.  Because of that, because of the logarithmic distribution of the
means, because the relative changes are largest among the highest concentrations,
and because the higher concentrations are the more likely to be of biological
significance, sites with the highest concentrations of each contaminant have been
highlighted in Table II.

That table lists, in a clockwise geographic sequence, all sites sampled in 1984
through 1987. It shows which sites had concentrations among the highest 20
(approximately the upper 10%) concentrations for each contaminant.  Most of
the highest concentrations for any particular contaminant were found at the sites
near Boston, New York, San Diego, Los Angeles, and Seattle. The association
of higher levels of sediment contamination with highly populated areas is not an
unexpected result. Nevertheless, it is important to note that these results are
from what are considered representative sites and not isolated "hot spots."

When objectives of a study have emphasized highly contaminated locations,
levels of contamination have been found that exceed all the NS&T values.  For
example, Rodgerson et al (1985) found  levels of tPAH, tPCB, Cd, Cu, Pb, Zn in
Black Rock Harbor in Bridgeport, CT, that are higher than all those found at
NS&T sites.  Levels of tPAH, Ag, Hg, and Pb in industrial waterways of Seattle
and Tacoma have been found in excess of all NS&T concentrations (Malins et
al., 1982).  Huggett et al. (1887) reported extremely high levels of tPAH in the
Elizabeth River near Portsmouth, VA at a site where creosote had been
discharged into the river.  While sediments at the NS&T sites in Boston Harbor
show high levels of tPAH, they are not as high as some of those reported by
Shiaris and Jambard-Sweet (1986) who analyzed a similar suite of PAH
compounds in sediments from around piers and other inner parts of Boston
Harbor.  There are many NS&T sites in Southern California, but with a single
exception, none have high levels of tPAH in sediments (Table II)  Nevertheless,
high concentrations have been found near discharges and centers of industrial
activity (Anderson and Gossett, 1987).

Sampling on a much finer spatial scale within industrial areas would yield much
higher levels of contamination, but they would be of little spatial significance.
The fact that NS&T sites in Table II that have high levels of contamination tend
to appear in clusters substantiates their representativeness.  These are not
isolated, highly contaminated spots but, rather, are typical of their surroundings.
However, the representativeness of some sites in Table II remains untested.
The sites in Elliott Bay, WA, and  St. Andrews Bay, FL, both showed high levels
for several contaminants but there were no nearby sites against which to gauge
their representativeness.  Similarly, a site in Choctawatchee Bay, FL, showed
high contaminant levels while another, in the same bay, did not.  Those two
sites are about 30 km apart.  Data are being obtained from sediments taken with
10 km of all these sites to test whether or not they are representative.
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BIOLOGICAL EFFECTS

While chemical monitoring yields the distribution of contamination, it does not in itself
indicate a biological consequence to the contamination.  Two fundamentally different
ways of approaching that issue are to examine indigenous species for evidence of
response or, to conduct bioassay tests of the water or sediment at a site.  Both are
being employed in the NS&T Program.  A number of studies on fish reproduction,
biochemical changes in fish, and bioassays of sediment and water have been, or are
now being conducted .  All of those, however, are restricted to limited areas of the
country.  To date, the biological data from measurements that have been made around
the country are from histological examinations of tissues from fish and mussels.

The existence of neoplastic tumors in feral fish is usually interpreted as a response to
contamination (Susani, 1986).  Complicating factors are that older fish will have a
higher frequency of tumors than younger fish and, that even under identical exposures
to contamination, different species of fish metabolize contaminants at different rates
and are more likely than others to develop  tumors (Varanasi et al., 1987 ).  The
observations in the NS&T Program are not all on older fish and, because it is a
national program, cannot be on a single species. Nevertheless, it is noteworthy that
neoplasia in fish livers is usually not found.  Among approximately 5600 fish that have
been examined between 1984 and 1986, hepatic neoplasias (liver tumors) were found
in only about 40, with more than half of those taken at two sites. The infrequent
occurrence of liver tumors is related to the species examined, but is most probably due
to liver tumors being an extreme response to contamination and the fact that NS&T
sites are not located in known "hot spots".

Another extreme response to contamination is the fact that sediments can be found
that are acutely toxic to test organisms.  Independent of the NS&T program, some
investigators, especially those working in Puget Sound, have compared their bioassay
results with contaminant concentrations in the sediment being tested.  Two such
comparisons are summarized in Table III, along with the numbers of NS&T sites,
where contaminant concentrations exceed the possible threshold levels.

The basis of thresholds is strictly empirical in that toxicity is not necessarily caused by
the contaminant. The thresholds are just the highest concentrations of a contaminant
in sediment that was not toxic.  Since a future test may not find a sediment sample to
be toxic even when it contains more than a threshold concentration for some
contaminant, thresholds are subject to upward revision.  The first set of data in Table III
(Barrick et al.,1988), implies that  sediment toxicity due to PCBs or Hg might be found
at about 20% of the NS&T sites. The PCBs and Hg thresholds in the second set of data
(DeWitt et al., 1988) would put fewer NS&T sites into the toxic category but, on the
other hand, imply that more sites would be toxic because of other contaminants.  The
DeWitt et al. (1988) analysis is somewhat different than that of Barrick et al.  (1988)
because the values shown in Table III are concentrations in sediments where  toxicity
was observed but could not be distinguished from effects of particle size. Only at much
higher concentrations were DeWitt et al. (1988) confident in assigning toxicity to
chemical contamination.
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It is possible, that at a small fraction of NS&T sites contaminant concentrations are
sufficiently concentrated to be toxic under some conditions.  Certainly further work on
sediment bioassays are needed if data like that in Table III are ever to allow more than
approximate estimates of biological consequences to contamination.  One of the
reasons for including biological measurements in the NS&T Program is that it may
never be possible to use chemical data alone to estimate biological effects.  Several
ongoing projects are seeking to find contaminant responses in fish that are less
dramatic than liver tumors but may be more often found and of possible significance to
the longevity or reproductive potential of fish. In that sense, the NS&T Program serves
as an experimental matrix in which to find biological responses that are being caused
by chemical contamination.



Source: pgs 33-49 Environmental Monitoring and Assessment vol 17 (1991)

TEMPORAL TRENDS IN MOLLUSCAN TISSUE DATA

Because neither the same molluscan nor fish species can be collected throughout the
country, tissue data cannot be used uncritically to describe the spatial distribution of
contamination.  The Mussel Watch Program uses two species of mussels and two of
oysters (one of which is collected only at sites in Hawaii).  Data are similar for both
mussel species when they are collected at a single site. For organic contaminants it is
probably acceptable to consider mussels and oysters as equivalent matrices, but for
elemental analytes, especially silver, copper, and zinc, the two are not equivalent
(NOAA, 1989).  Comparisons among sites for fish liver data are more problematic than
those based on mollusks because there are fewer sites (50 as opposed to 150), and
more species (eight as opposed to three) in the Benthic Surveillance Program.

The correspondence between contaminant concentrations in sediments and bivalve
mollusks can be quantified by examining data for 117 sites from which bivalves and
fine-grained  sediments were collected. Spearman Rank Correlations (Table IV) are a
measure of concordance of rankings based on tissue data with those derived from
sediment analyses.  The negative correlations for silver, copper, and zinc are due to
their being highly accumulated by oysters.  Considering mussel and oyster data
separately in Table IV shows a generally better correspondence between mussels and
sediments than oysters and sediments.  Even for oysters, the correlations are often
statistically significant, but are almost always lower than for mussels.

Data from analyses of bivalve mollusks are not the equivalent of sediment-derived
data for determining spatial trends in contamination.  On the other hand, species
remain constant for each site and temporal trends at a site will  be more readily
revealed through mollusks than through sediments.  The ability of mollusks to change
contaminant levels in response to changes in their surroundings is attested to by their
frequent use in transplant experiments or in tests of bioaccumulation (e.g., Roesijadi et
al., 1984; Pruell et al., 1987).  However, temporal resolution in sediments depends on
rates of sedimentation and bioturbation.  While neither is known at NS&T sites, it is not
assumed that annual changes in contaminant levels will be manifest through annual
collections of surface sediments.

For three years, mollusks have been collected at twelve-month intervals (in the late
winter to early spring) at 132 sites. The molluscan data for each site have been
examined for a statistically significant differences among the three years and a
monotonic change (NOAA, 1989).  Table V lists the number of times those two criteria
were met for each contaminant.  The generally more hints of trends among the
elements than among the organic contaminants is due to the higher within-year
variability for organic compounds.  That variability diminishes the ability to detect
significant differences between years.  There are patterns in the data that beg
explanation.  For example, more trends are downward rather than upward, but for Pb,
Hg, and Se, the reverse applies and there are geographic grouping among some of
these possible trends.  With only three years of data, however, explanations are
premature.  The apparent trends may disappear with one more set of data.
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In the long term trends can be identified by correlating concentration with time.  It will
not be necessary that they be strictly monotonic.  At this stage, with data for only three
years, monotonicity is necessary to find even hints of trends.  Three pairs of data per
contaminant  per site are all that exist and that makes trend identification very difficult.
That difficulty, it should be noted, would not be alleviated if more time had lapsed
between sample collections. For example, if sampling were done at five-year intervals,
ten years would be needed to get three data points, and the identification of trends
would be as tenuous as it is now with only three data points. The annual NS&T
sampling is continuing and data will soon exist to test whether the hints of trends in the
first three years are substantiated.

CONCLUSIONS

The spatial distribution of contamination, as exhibited through analyses of surface
sediments, shows the higher levels to be characteristic of urban areas.  More samples
have been collected where unexpectedly high levels were found in rural areas or
where high levels at one site were not substantiated by data from other sites.  Higher
levels of sediment contamination exist at discharge points and in isolated industrial
locales, sites that do not qualify as representative NS&T sites.  Among the NS&T sites
frank biological responses to contamination, such as liver tumors in fish or possible
sediment toxicity, have not been commonly found.  Temporal trends in contaminant
levels at NS&T sites are beginning to be drawn from annual analyses of mussels and
oysters.  At present, however, with data from only the first three years of the program,
only hints of trends can be identified.
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Figure Legends

Figure 1.  Sites occupied by the Benthic Surveillance Project in 1984 through 1988
and by the Mussel Watch Project in 1986 through 1988.  Larger scale maps and site
designations are in NOAA (1988) and NOAA (1989)

Figure 2. Distribution of mean mercury concentrations at Benthic Surveillance sites
(three-letter codes) sampled in 1984 and 1985, and at Mussel Watch sites ( four-letter
codes) sampled in 1986 and 1987 (NOAA, 1988) .  Means are based on all
concentrations of all replicates regardless of year (usually a total of six replicates).
Data have not been used for samples containing > 80% sand-sized (< 63µ) particles.
All raw data have been divided by the fraction of sediment in a sample which was fine-
grained (< 63µ). The overall coefficient of variation is the average of the coefficients for
each site.  The ratio for significant difference was estimated from a Least Significant
Difference calculation on log-transformed data (the means in the figure are arithmetic
means).
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